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Solder wave parameters analyzer.

@ An indicator of solder wave soldering par-
ameters, comprising a simulating board to be
passed by the soldering machine conveyor
along the solder wave; and the board is pro-
vided with a plurality of contact orifices. This
plurality is divided into several groups of
orifices, which groups are placed on different
sections of the board, and these different sec-
tions have different thicknesses. Eeach of the
groups of the orifices is electrically connected
to a corresponding timer.

When the simulating board is moved along
the solder wave, the groups of contact orifices
come into contact with the solder wave accord-
ing to their height level relating to the solder
wave’s height and hence relating to the depth of
penetration of the solder wave into these con-
tact orifices. Therefore the duration of the con-
tact between the specific group of contact
orifices and the solder wave can be measured
as the corresponding dwell time for the specific
depth of penetration of the solder wave into the
specific group of contact orifices.
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FIG. 2
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to wave
soldering control apparatus and, more particularly, to
an apparatus for simultaneous measuring and check-
ing several parameters of a solder contact, which
could be provided by the solder wave when soldering
a device like a printed circuit card.

2.Description of the Prior Art

Where it is necessary to provide soldering of a
large number of electrical, electronic components,
subsystems or systems such as on a printed circuit
card, for example, it is not practical to execute this by
a point-to-point manual soldering technique. Instead,
such large number of connections are soldered to-
gether by an apparatus operating on what is referred
to as a "wave" soldering principle. In a wave soldering
machine, a printed circuit board to be soldered is
moved by a conveyor through an enclosure on an in-
clined path past a fluxing station, a preheating station,
and, at the end, a soldering station at which a wave
of solder is caused to well upwardly and contact the
various parts to be soldered. One of the most impor-
tant parameters for insuring efficient and reliable sol-
dering connections, is the dwell time of the devices to
be soldered in the soldering wave.

In the prior art, one of the known techniques for
measuring dwell time was by indirect means, in which
a wave "footprint" measurement device was used and
a plot was developed from empirical data. Specifical-
ly, a glass plate, having a set of grid lines of known di-
mensions is passed along the wave soldering ma-
chine conveyor and the contact of the solder wave is
measured by the eye counting grid squares or lines of
contact. Thus, it is a simple matter of calculating the
dwell time by multiplying the thickness of the wave as
measured on the plate by 60 seconds per minute and
dividing by the conveyor speed in centimeters per
minute, for example.

Although this technique is accurate, it leaves
much to be desired in that for a numbe! of different
reasons the dwell time can change quickly. For exam-
ple, there is an undesirable effect termed "drag-out",
that may result from the wetting ability of the materi-
als used, and the component lead configuration, in
which the solder wave is pulled out of shape as the
solder joints leave the wave. When this happens, the
dwell time for certain joints will be significantly longer
than for others. As the glass plate is not wetted by the
solder, the known "footprint" technique does not indi-
cate the presence of drag-out.

US patent 5 023 848 provides a solder dwell time
measurement means (timer) which operates automat-
ically, does not rely upon human observational tech-
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niques and calculations, and can exhibit the presence
of drag-out. The timer comprises a pair of spaced
apart probes generally approximating the contact ge-
ometry of a conveyed object to be wave soldered. It
is similarly conveyed past and in contact with the
solder wave. A timing circuit interconnects with the
probes and measures the dwell time of the pair of
probes in contact with the solder wave. The
probes’ contacting parts may have shapes of linear
edges or points.

The disadvantages of the described device are
as follows. Despite the fact, that the dwell time is an
important parameter of the wave soldering process,
there are several other paramaters which must be de-
fined and taken into account before starting the work-
ing process. Such a parameter, for example, is the
depth of penetration of the solder wave into the con-
tact orifices of the printed circuit. The other parameter
is parallelity of the printed board when conveyed over
the solder wave. This parameter has a strong influ-
ence on the quality of the soldered printed board.

It is therefore the object of the present invention
to provide an ellaborated indicator of the solder wave
process parameters, such parameters being the dwell
time, the depth of penetration of the solder wave into
the contact orifices of a board and the parallelity of
the board on the conveyor.

SUMMARY OF THE DISCLOSURE

The indicator of solder wave soldering parame-
ters, herein provided, comprises a simulating board to
be passed by the soldering machine conveyor along
the solder wave; and said board is provided with a
plurality of contact orifices; and said plurality is divid-
ed into several groups of orifices, which groups are
placed on different sections of said board; and said
sections have different thicknesses; and each of said
groups is electrically connected to a corresponding
timer;
so that, when said simulating board is moved along
said solder wave, said groups of contact orifices come
into contact with said solder wave according to their
height level relating to said solder wave’s height and
hence relating to the depth of penefration of said sold-
er wave into said contact orifices; and the duration of
the contact between said specific group of contact or-
ifices and said solder wave can be measured as the
corresponding dwell time for the specific depth of
penetration of the solder wave into said specific group
of contact orifices.

In the preferred embodiment said simulating
board is provided with an additional plurality of said
contact orifices; and said two pluralities are placed on
both sides of said board; and at least one of said plur-
alities is divided into groups of contact orifices, which
groups are placed on said sections, having different
height levels; and at least two of said groups, belong-
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ing correspondingly to said two different pluralities,
are placed on two sections, having the same thick-
ness; so that the measurements provided by said
timers of said corresponding groups of contact orific-
es may be compared in order to check the parallel
position of said board relating to said solder wave.

In the preferred embodiment said two pluralities
are parallel to each other.

In the preferred embodiment said sections of said
board form a stairs-like shape on the lower surface of
said board.

In an alternative embodiment said sections of
said board form an inclined surface on the lower sur-
face of said board.

In the preferred embodiment each of said timers
is controlled by a stopper; and each of said timers is
put on at the time when said solder wave comes into
touch with said corresponding group of contact orific-
es; and each of said timers is stopped, when said
solder wave leaves the contact with said group of
contact orifices.

In the preferred embodiment each of said groups
comprises two contact orifices, connected to said
stopper corresponding to said group.

In one preferred embodiment the thicknesses of
said adjacent sections of said board differ from each
other by about 0,2 mm.

In one preferred embodiment said two pluralities
of said contact orifices are spaced from each other at
a distance of about 15 - 20 cm.

In the preferred embodiment said stopper’s elec-
tronic circuit comprises a field effect transistor (FET).

In the preferred embodiment said timer is a timer
of an electronic watch.

In the preferred embodiment said simulating
board is provided with means for measuring a pre-
heating temperature of said board at any desired mo-
ment.

DESCRIPTION OF THE DRAWINGS

Fig.1A demonstrates a plan view of a simulating
board.

Fig.1B illustrates a longitudinal cross section of
the simulating board shown in Fig.1A.

Fig.2 illustrates schematically a conveyor of a sol-
dering machine, carrying the simulating board to-
wards the solder wave.

Fig.3 illustrates a block-diagram of a unit contain-
ing electronic measuring means.

Fig.4 illustrates a three dimensional view of the
upper signal panel of the measuring unit.

DESCRIPTION OF APREFERRED EMBODIMENT
In Figs.1A,B a simulating board 10 is illustrated.

The board 10 is made of the same material, as that
of the printed circuit plates intended to be soldered by
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the soldering machine. Several sections 11,12,13,14,
having different thicknesses are provided at the sur-
face of one edge of the board 10. A plurality of contact
orifices 11A,B, 12A,B, 13A,B, 14A,B is distributed
correspondingly along the adjacent sections 11-14. A
section 15, having the same thickness as the section
11, is situated on the opposite side of the board 10.
As shown in this particular case, the two sections 11
and 15 form a common surface having the same
thickness. The section 15 is provided with two con-
tact orifices 15A and 15B. The distance between the
contact orifices 11A,B and 15A,B is about 15 cm. Op-
tionally, the board 10 is provided with an additional
group of sections 16,17,18, and this group could be
placed parallelly to the group of the sections 11,
12,13,14.

In Fig.1B the longitudinal cross section of the
simulating board 10 demonstrates four (optionally,
more) sections 11,12,13,14, having different thick-
nesses. They form a staircase-like line. It is practical,
that the first section 11 has the thickness equal to the
thickness of the board 10 ( and equal to a regular
printed circuit board’s thickness), so that its level is
marked with 0.0 mm. The following section 12 has the
level of 0.2 mm higher than the section’s 11 level,
thus the section’s 12 level is marked with 0.2 mm. By
analogy with that, the section’s 13 level is 0.4 mm,
and the section’s 14 level is 0.6.

Electrical contacts, placed in the contact orifices
11B, 12B, 13B and 14B are marked with the same
symbols as the contact orofices.

In Fig.2 a conveyor 21 of a soldering machine is
shown, carrying the simulating board 10 towards the
solder wave 22 (the perpendicular cross section of
the wave 22 is seen). A fluxing station 23 and a pre-
heating station 24 are shown, being placed before the
solder wave 22. The contacts 11-14A and 11-14B (see
Fig.1A) of the simulating board 10 are positioned on
the different levels of the board, and are connected
to corresponding circuits of measuring means 25.
These contacts can therefore indicate the height of
the wave 22, the depth of penetration of the solder
wave 22 into the specific contact orifices, and the
duration of the contact ( dwelling time, or penetration
time). In this particular case the measuring means 25
is a stopper and timer unit ( see Fig.3), reacting to the
presence of an electrical contact and to its duration on
each pair of contacts orifices (11A,B; 12A,B...).

In this particular case, when the simulating board
10 moves along the solder wave 22, the wave 22
comes into contact with the sections 11,12,13 one af-
ter the other. If, for instance, the height of the wave
22 is enough to reach a contact with the sections
11,12 and 13 ( but not with section 14), then the last
contact orifices, which are able to register the electri-
cal contact with the solder wave 22, will be the con-
tact orifices 13A and B. In the same sequence of time
the corresponding stopper and timer circuits of the
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unit 25 will be energized through the specific contact
orifices coming in touch with the solder wave 22.
Then the last energized circuit will be the circuit, cor-
responding to the contact orifices 13A,B of section
13. (The circuits of the unit 25 are shown in detail in
Fig.3). The last energized stopper and timer circuit will
indicate the solder wave’s 22 height. In this particular
case the timer, marked with the corresponding sec-
tion’s 13 level "0,4mm" will define the wave’s height
0,4 mm above the 0.0 mm level. Hence, the depth of
penetration of that specific solder wave into contact
orifices provided in an actual printed circuit board, will
also be approximately 0.4 mm, provided that the pos-
ition of the printed board above the wave 10 is un-
changed.

For each of the sections 11, 12, 13 the duration
of the contact is registered by the corresponding
timers. This parameter reflects the dwell time (time of
penetration) for the specific level ( depth of penetra-
tion).

The operator or a control system can analyze the
readings of the dwell time and the depth of penetra-
tion. Based on this information, the operator or the
control system can regulate the position of the actual
printed circuit board above the wave, or the height of
the wave in order to obtain the desired quality of sol-
dered contacts for each specific case.

Such an operation is necessary

a) for adjusting the board’s position before start-

ing a soldering process for a new batch of printed

boards;

b) for periodical control of the soldering ma-

chine’s parameters.

The operator or a control system should also take
into account the parallelity test, accomplished by the
simulating board. The board is parallel, if at least two
measurements provided by means of the contact or-
ifices 11A,B and 15A,B, are equal to each other.

If the two above mentioned measurements are
not equal to each other, the balance of the soldering
machine should be corrected.

In Fig.3 a plurality of electronic stoppers and
timers is shown, being contained in the measuring
means unit 25. Each pair of the simulating board con-
tacts 11A,B, 12 A,B, 15A,B and others are provided
with a stopper circuit 31, and its output is connected
to the input of a timer 32. The voltage of the energy
supply is about 6-9 V. In this particular case the timers
32 are regular watch timers. Each stopper circuit 31
includes an input, connected to the certain contact or-
ifices A,B on the board 10, two equal capacitors 33,
two resistors 34 and 35, and a FET transistor 36. The
output from the transistor 36 is connected to an input
of the timer 32. The specific stopper circuit 31 produc-
es a starting signal at the moment when the specific
electrical contacts A,B come into touch with the solder
wave 22; and, in addition, the stopper circuit provides
a stopping signal at the moment when the solder
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wave leaves the electrical contacts A,B. These start-
ing and stopping signals enable the timer 32 to regis-
ter the exact time of the solder wave’s presence atthe
specific level (in other words, "dwell time").

The measuring means unit 25 may optionally
comprise comparing means for checking the parallel-
ity of the simulating board by means of comparing two
specific measurements provided on the two different
edges of the board.

The unit 25 can also be provided with means for
measuring a preheating temperature of the board at
any desired time.

Fig.4. All the necessary results of measurements
and comparison can be indicated on an upper signal
panel 40 of the measuring means unit 25. In this par-
ticular case the panel 40 comprises the
timers’ screens 32, marked with corresponding lev-
els "0.0mm", "0,2mm",... of the simulating board 10.
Two timers, marked with "0,0mm" are provided to
compare their readings corresponding to the two dif-
ferent edges of the board, and to check the board’s
parallelity. A contact set 41 connects the contact ori-
fices, placed on the simulating board 10, to the meas-
uring means unit 25. An electrical push-button 42 is in-
tended to be used for resetting the electronic timers
of the signal panel 40 before starting any new meas-
urements.

While the invention has been described, it should
be appreciated that other similar embodiments of the
simulating board can be suggested for accomplishing
the same principle of the solder wave’s parameters
analysis.

Claims

1. Anindicator of solder wave soldering parameters,
comprising a simulating board to be passed by
the soldering machine conveyor along the solder
wave; and said board is provided with a plurality
of contact orifices; and said plurality is divided
into several groups of orifices, which groups are
placed on different sections of said board; and
said sections have different thicknesses; and
each of said groups is electrically connected to a
corresponding timer; so that, when said simulat-
ing board is moved along said solder wave, said
groups of contact orifices come into contact with
said solder wave according to their height level
relating to said solder wave’s height and hence
relating to the depth of penetration of said solder
wave into said contact orifices; and the duration
of the contact between said specific group of con-
tact orifices and said solder wave can be meas-
ured as the corresponding dwell time for the spe-
cific depth of penetration of the solder wave into
said specific group of contact orifices.
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The indicator of solder wave soldering parame-
ters, as in claim 1, wherein said simulating board
is provided with an additional plurality of said con-
tact orifices; and said two pluralities are placed
on both sides of said board; and at least one of
said pluralities is divided into groups of contact or-
ifices, which groups are placed on said sections.
having different height levels; and at least two of
said groups, belonging correspondingly to said
two different pluralities, are placed on two sec-
tions, having the same thickness; so that the
measurements provided by said timers relating to
said corresponding groups of contact orifices
may be compared in order to check the parallel
position of said board relating to said solder wave.

The indicator of solder wave soldering parame-
ters, as in claim 2, wherein said two pluralities are
parallel to each other.

The indicator of solder wave soldering parame-
ters, as in claims 2,3, wherein said sections of
said board form a stairs-like shape on the lower
surface of said board.

The indicator of solder wave soldering parame-
ters, as in claims 2,3, wherein said sections of
said board form an inclined surface on the lower
side of said board.

The indicator of solder wave soldering parame-
ters, as in claim 1, wherein each of said timers is
controlled by a stopper; and each of said timers
is put on at the time when said solder wave comes
into touch with said corresponding group of con-
tact orifices; and each of said timers is stopped,
when said solder wave leaves the contact with
said group of contact orifices.

The indicator of solder wave soldering parame-
ters, as in claim 6, wherein each of said groups
comprises two contact orifices, connected to said
stopper corresponding to said group.

The indicator of solder wave soldering parame-
ters, as in claim 1, wherein the thicknesses of
said adjacent sections of said board differ from
each other by about 0,2 mm.

The indicator of solder wave soldering parame-
ters, as in claim 2, wherein said two pluralities of
said contact orifices are spaced from each other
at a distance of about 15 - 20 cm.

The indicator of solder wave soldering parame-
ters, as in claim 1, wherein said simulating board
is provided with means for measuring a preheat-
ing temperature of said board at any desired mo-
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